Technological improvements-identified by the permanent increase of TFP-raise employment in the majority of U.S. manufacturing industries. This finding contrasts with the previous study that found a strong negative correlation between employment and permanent components of labor productivity in manufacturing. We argue that TFP is the natural measure of technology because labor productivity reflects shifts in the input mix as well as technology. Using micro data on average price duration, we ask whether the employment response to technology is correlated with the stickiness of industry-output prices. Among 87 manufacturing goods, we do not find a strong correlation for this relationship.
1 components of TFP while Kiley identifies it from those of labor productivity. Nevertheless, we argue that TFP is a more natural measure of technology because labor productivity reflects changes in input mix as well as improved efficiency. Disturbances affecting material-labor or capital-labor ratios (e.g., relative input price changes or sectoral reallocation of labor) generate a negative correlation between labor productivity and hours along the downward sloping marginal product of labor, whereas such changes alone do not affect the TFP. We show that significant shifts in input mix have occurred in manufacturing, and that permanent shocks to input mix are indeed associated with the short-run reduction of hours.
Contractionary effect of technology is often interpreted in favor of the model with sticky prices (e.g., Galí). We ask whether the variation across industry in the impact of technology on employment can be accounted for by the stickiness of industry-output prices using the recent micro data on average duration of product prices in Bils and Klenow (2002) . For 87 manufacturing goods, we do not find a strong correlation between the industry's employment response and the average duration of industry-output prices.
Our findings are potentially important because (1) they undercut a growing strand of literature that uses the short-run impact of technology on employment as evidence against the flexible price, because (2) TFP, rather than labor productivity, is the natural measure of technology, and because (3) TFP and labor productivity behave quite differently at the sectoral level-in particular, shocks that affect labor productivity in the long run do not necessarily involve changes in TFP.
The paper is organized as follows. In Section 2, we briefly describe our empirical method, including the VAR and data, and report the estimates on the employment effect of technology. In Section 3, we analyze the difference between the stochastic trends in TFP and labor productivity.
Section 4 provides caveats to our analysis. Section 5 is the conclusion. 2 2 Evidence from Industry TFP and Hours
Data
We derive our industry data from the NBER Manufacturing Productivity Database (Bartlesman and Gray, 1996) which includes 459 4-digit manufacturing industry data for 1958-1996 and largely reflects information in the Annual Surveys of Manufacturing. The TFP growth contained in the Database is based on measuring separate factor inputs for non-energy materials, energy, labor, and capital. For TFP higher than 4-digit level, we aggregate 4-digit TFP growth weighted by the industry's value-added output. For hours worked, we use total hours employed in the industry, measured by the sum of hours of production and non-production workers. There are no data on workweeks for non-production workers. We follow the Database's convention of setting the workweek for non-production workers equal to 40. We obtain a similar result when we assume that hours of non-production workers are perfectly correlated with those of production workers.
The Database only includes the wage and salary costs of labor. In calculating the industry labor share, we magnify wages and salary payments to reflect the importance of fringe payments and employer FICA payments in its corresponding 2-digit manufacturing industry. The ratio of these other labor payments to wages and salaries in 2-digit industries, in turn, is based on information in the National Income Product Accounts. Industry output reflects the value of shipment divided by the price deflator of industry output. Material expenditure includes expenditure on energy as well as on non-energy materials. The capital's share is calculated as a residual from labor and material share following the Database's convention. We use 458 industry data excluding "Asbestos Product" industry (SIC 3292) due to termination of time series in 1993. 3 
Identifying Technology Shocks
Technology shocks are identified by the structural VAR of industry TFP and total hours worked.
Fluctuations of industry TFP and hours are driven by two fundamental disturbances-technology and non-technology shocks-which are orthogonal to each other. Only technology shocks can have a permanent effect on the level of industry productivity. Both technology and non-technology shocks can have a permanent effect on industry hours. We do not attempt to provide an interpretation of non-technology shocks, which can be either aggregate (e.g., monetary shocks) or sectoral (e.g., reallocation shocks). Thus, ∆x t can be expressed as a (possibly infinite) distributed lag of both types of shocks:
with E[ t t ] = I, and E[ t s ] = 0, t = s.
Our identifying restriction corresponds to
where Ω = C 0 C 0 , e t = C 0 t , and
2 The constant terms are suppressed here for expositional convenience.
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We estimate the VAR (3) based on two sets of data. One is based on the aggregated data from 4-digit data (as explained above). The other is based on the pooled data of sub-industries. The pooled data provide more observations:
where N is the number of sub-industries. We assume that B(L) and Ω are the same across the sub-industries but allow for different average growth rates in TFP and hours (constant terms in the VAR) across sub-industries. 3 Most of our discussions are based on the aggregated data unless otherwise specified. All VARs have a lag of one year. The standard errors are computed by bootstrapping 500 draws.
Christiano, Eichenbaum, and Vigfusson (2003) show that whether hours are treated as stationary in levels or in first-differences is important for the response of hours to technology in a structural VAR. The issue of stationarity of hours worked remains controversial (e.g., Shapiro and Watson, 1988) , and the stationarity is often motivated by the so-called balanced growth path at the aggregate level. At the industry level, however, a permanent change in productivity may well imply a long-run change in hours through sectoral reallocation of labor, and hours are in fact nonstationary in most industries. For example, at 2-or 3-digit levels, the null hypothesis of unit root is rejected for only one industry at 10 percent significance level. Thus, hours enter in first-differences in our analysis of sectoral VARs. Figure 1 displays the impulse responses of TFP and hours for the aggregate manufacturing industry.
Results from Industry VAR
In response to a one-standard-deviation technology shock (which eventually increases the manufacturing TFP by 1.3 percent), hours worked increases by 0.9 percent at impact. Hours continues to rise for two years until it reaches the new steady state, 1.9 percent higher than before. In response to a non-technology shock, TFP increases by 0.7 percent initially and returns to the previous level in two years; total hours increases by 3 percent initially and remains high. The response based on the pooled data shows a similar pattern. 
5 Unconditional correlation does not necessarily fall between two conditional correlations because unconditional correlation is not necessarily a weighted average of conditional correlations. A formal proof is available from the authors upon request.
shocks; 14 industries exhibit 0.5 or higher. Among those statistically significant, 10 industries exhibit a positive correlation, whereas only one industry exhibits a statistically significant negative conditional correlation. This pattern is robust across the level of aggregation.
Regarding the short-run response, Table 2 shows the number of industries with a negative or positive contemporaneous response of hours to technology from the bi-variate industry VARs. The numbers in parentheses represent the cases that are statistically significant at 10 percent. Of the 2-digit industry estimates based on the aggregated data, 5 industries exhibit a negative response (only one is statistically significant), whereas 15 industries show a positive response (7 significant).
The result is similar when we use the pooled data. 
Relation to Sticky Prices
Our analysis of industry VARs reveals a considerable heterogeneity in the response of hours to technology. A negative response is apparently inconsistent with the prediction of the flexibleprice model. Motivated by the negative short-run employment response to a permanent laborproductivity shock in OECD countries, Galí (1999) proposed a sticky-price model as a mechanism that is capable of generating a negative impact of employment to technology. Intuitively speaking, when price is fixed, the demand for goods remains unchanged, and firms need less input, including labor, to produce the same amount of output, thanks to the improved efficiency.
We ask whether the industry's response of hours (to technology shocks) is systematically correlated with the stickiness of industry-output prices. We take advantage of the recent study by The left panel of Figure 2 shows the short-run response of hours to technology (y-axis) and 6 To calculate the CPI, the BLS collects prices for about 71,000 non-housing goods and services per month. These are collected from around 22,000 outlets across 44 geographic areas. The BLS divides non-housing consumption into roughly 350 categories called "entry-level items" (ELIs).
8 average duration of industry-product prices (x-axis) for 87 manufacturing goods. Since industries may have experienced different degrees of technological change over time, we normalize the technology shocks across industries. We consider a technology shock that increases TFP by one percent in the long run (instead of the conventional one-standard-deviation shock). Under the sticky-price hypothesis we expect a negative correlation between the short-run response of hours and average price duration. However, no systematic relationship appears; the cross-sectional correlation between the hours responses and average duration of prices is 0.02. 7 The right panel of Figure 2 shows the the short-run response of hours to a permanent labor productivity shock (that increases the labor productivity by one percent in the long run in a bi-variate VARs of labor-productivity growth and hours growth) and average price duration. Again, we do not find a strong correlation between the hours response and average duration of prices.
Our evidence-a near-zero cross-sectional correlation between the employment response to technology and average price duration-should not be necessarily viewed against the importance of sticky prices in general. Rather, a low correlation suggests that price stickiness may not be a primary reason for why firms employ hours differently in the face of technological progress. Price stickiness should generate contractionary effects of technology shocks only if there are no inventories. 8 If firms carry a non-negligible amount of inventories, production does not have to equal sales. In response to a favorable cost shock, firms can expand output relative to sales and build up inventories for (which we briefly discuss in Section 4.1) to correct for the cyclical component in the TFP and find that the negative correlation between hours and the corrected measure of TFP is more pronounced in sectors with stickier prices.
future sales. For example, Bils (1998) finds that the average inventory-sales ratios have a positive and significant effect in accounting for the contemporaneous correlation between growth rates of employment and labor productivity in manufacturing. Chang, Hornstein, and Sarte (2004) find that, for 98 manufacturing goods, an industry's employment response to technology is strongly correlated with the storability (measured by the average service life) of industry products.
TFP vs. Labor Productivity
Our result-positive response of hours to technology-appears at odds with Kiley's which shows that the permanent component of labor productivity and employment are negatively correlated in 15 (out of 17) 2-digit manufacturing for 1968:II-1995:IV. When we use the labor-productivity growth (instead of TFP) in our bi-variate VAR, we also find a strong negative response of hours in most industries. In Table 3 , at 2-digit, 18 (9 significant) industries show a negative response to a permanent increase in labor productivity whereas only 2 (0 significant) industries show a positive short-run response. A similar pattern is found across the level of aggregation and the estimation method.
Nevertheless, we argue that TFP is a more natural measure of technology, because labor productivity reflects input mix as well as efficiency. Under the constant returns to scale, laborproductivity growth ∆(y − l) t can be expressed as TFP growth and input deepening (increase of material-labor and capital-labor ratios):
where ∆(m − l) t and ∆(k − l) t denote the growth rate of material-labor ratios and capital-labor ratios, respectively, and α m,t and α k,t denote output elasticity of material and capital, respectively.
Non-technology factors, such as changes in relative input prices, affect the labor productivity, whereas such changes alone will not affect the TFP. The difference between TFP and labor productivity is dramatic in some industries. Figure 3 shows that, in "Leather and Leather Products,"
TFP exhibits no apparent trend, whereas labor productivity exhibits a strong trend because of the continuous decline in employed hours over time. For aggregate manufacturing, we cannot reject the null-hypothesis of no co-integration between TFP and labor productivity at 10 percent significance level. At 2-digit, the null-hypothesis of no co-integration cannot be rejected for 17 industries at 10 percent significance level.
To measure the contribution of input mix in labor-productivity growth, we consider a tri-variate VAR:
The long-run restriction (C 12 (1) = C 13 (1) = 0) identifies between the shocks that increase labor productivity in the long run and those that do not. We are interested in whether permanent labor-productivity shocks are associated with shifts in input mix in the long run. The long-run multiplier of capital-labor ratio and material-labor ratio to permanent labor-productivity shocks are, respectively, C 21 (1) and C 31 (1). The contributions of capital deepening and material deepening on labor productivity can be computed by, respectively, α k C 21 (1) and α m C 31 (1). − l) ), caused by a one-standard deviation labor-productivity shock from the tri-variate VAR, can be decomposed into -0.46 percent due to capital-labor ratio change (α k ∆(k − l)), 1.32 percent due to material-labor ratio change (α m ∆(m − l)), and 3.18 percent due to TFP growth (∆T F P ). The ratio of the longrun increase of labor productivity to that of TFP (denoted by ratio in Table 4 ) is greater than 1 in many industries, especially for non-durables-a large fraction of the stochastic trend of labor 11 productivity reflects the shift in input mix.
We perform the same decomposition for the TFP shocks, using the tri-variate VAR (5) where ∆z t replaces ∆(y − l) t . For aggregate manufacturing, a one-standard-deviation permanent TFP shock increases the TFP by 1.34 percent in the long run. The same TFP shock increases the capital-labor ratio by -0.41 percent, the material-labor ratio by 0.68 percent, and, as a result, labor productivity by 1.61 percent in the long run. Unlike labor-productivity shocks, permanent shocks to TFP are not strongly associated with shifts in input mix except for a few industries, and the ratio between the long-run responses of labor productivity and TFP is around 1 ( Table 4) .
If permanent shocks to labor productivity reduce hours, while permanent shocks to TFP do not, then some permanent shocks to inputs must reduce hours in the short run. Consider a bi- 
. The second row of Figure 4 shows the response of (m − l) t and l t to a shock that increases material-labor ratio in the long run. Likewise, the third row shows the response of (k − l) t and l t to a shock that increases the capital-labor ratio in the long run. While both permanent shocks (to material-labor and capital-labor ratio) reduce hours worked in the short-run, permanent shocks to material-labor ratio generate a more pronounced negative response of hours worked.
In sum, we find that TFP and labor productivity behave quite differently at the sectoral levelin particular, there are shocks that affect labor productivity in the long run that do not involve changes in TFP. While the studies based on aggregate data emphasize the technological progress in the form of improved efficiency, the shift in input mix is also important for understanding the labor-productivity growth at the sectoral level. For example, increased outsourcing of intermediate products and business services may account for the substitution of material input for labor in manufacturing.
4 Some Caveats
TFP and Technology
The measured TFP reflects the short-run movement of factor utilization as well as changes in 
The basic insight of Basu et al. is that increases in observed inputs (hours per worker) can
be a proxy for unobserved changes in utilization (capacity utilization and labor effort). The key equation to estimate is the sectoral production function:
where ∆x t = α m ∆m t + α k ∆k t + α l ∆(e t + h t ) is total input growth, and ∆e t and ∆h t are growth 13 rates of, respectively, employment and hours per worker (workweek of production workers). Following Basu et al., we estimate the system of Equation (6) (separately for durables and non-durable industries) based on 2-digit data using the 3SLS. The coefficient for the utilization is restricted to be common across sub-industries. We use Hall-Ramey instruments: the growth rate of the relative price of oil to GDP deflator (∆p oil ), growth rate of real military government spending (∆g m ), and their one-period lagged variables. Table 5 shows the estimates of (6). The markup, γ, varies across industries, but many of them are around 1. The factor utilization parameter, β, is 0.71 and 0.65 for durables and non-durables, respectively: a one-percent increase in hours per worker is associated with 0.71 (0.65) percent increase in TFP in durables (non-durables) manufacturing. 9 The residuals from the regressions are aggregated to obtain the aggregate technology of the manufacturing (weighted by the value-added output of the industries). Table 6 micro production structure, their method crucially depends on the instrument. In our context, a good instrument should be (i) fairly well correlated with inputs (∆x and ∆h), and (ii) uncorrelated with the true technology. Finding such an instrument is a challenge. According to Table 6 , the correlations between the instrument and input growth are very low except for the correlation between oil price and workweek. Explanatory power in the first-stage regression stems mostly from the oil price. As Bils (1998) points out, oil-price changes tend to reflect relatively transitory shocks-for example, the annual growth rate of (relative) oil price is close to i.i.d. in our sample.
We would expect a greater use of increased factor utilization for more transitory shocks. 11 In fact, when we estimate (6) accelerator mechanism running from industry activity to technology-i.e., R&D is encouraged by the output demand, but an instantaneous impact of technology shocks on output is not allowed.
The long-run restriction we use to identify technology is consistent with a large class of macro models. While it does not require an instrument or restriction on contemporaneous correlations, it 11 Bils (1998) also points out that (1) the effect of adding less able workers in booms may offset variation in effort, making quality effort less cyclical than Basu et al.'s estimate and that (2) Basu et al. assume that the effort-hours relationship is constant, whereas that relationship depends on the labor-market arrangement and type of shocks (Bils and Chang, 2003) .
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assumes that no trend in the intensity of factor utilization exists. 12 While we cannot provide firm evidence on labor effort and quality, Figure 5 shows that there is no apparent trend in the capacity utilization in manufacturing.
Markup, Net Output, and Aggregate Economy
We provide three caveats to our results. 
where ∆z * t denotes the true TFP growth. Table 7 reports the short-run and long-run responses of hours to technology from the bi-variate VAR of ∆z * t and ∆l t assuming, respectively, µ = 1.1 and µ = 1.2 in (7). 13 With µ = 1.1, the result is unchanged. In response to a permanent TFP shock, hours increases in the short run and remains at a higher level in the long run. With µ = 1.2, while the average markup of 1.2 appears too high considering the small profit rates reported in manufacturing over the years, the short-run response of hours becomes zero.
Second, our results are based on gross output. While the gross output is widely used in empirical studies at the disaggregate level, material input does not show up in aggregate GDP.
When we use the value-added output based TFP in our bi-variate VAR, the short-run response of 12 Faust and Leeper (1998) report that the estimated dynamics identified by the long-run restrictions can be influenced by the medium-run movement. 13 We thank Jordi Galí for suggesting this exercise.
hours to technology becomes smaller (See Table 7 ). 14 For aggregate manufacturing, hours worked increases by 0.62 percent in the short run and 1.55 percent in the long run in response to a one-standard-deviation permanent TFP shock (which eventually increases TFP by 2.38 percent).
However, the difference between TFP and labor productivity remains. In response to a permanent labor-productivity shock, hours worked significantly decreases in the short run.
Third, our data are limited to manufacturing. While data within manufacturing (especially for output and capital that are crucial for TFP) are often more reliable than data outside manufacturing, manufacturing is no longer a major sector of the U.S. economy. Nevertheless, the use of TFP mitigates the negative response of hours to technology. When we estimate bi-variate VAR for the aggregate economy (non-farm business sector), hours worked slightly decreases (statistically not significant) in the short run, gradually increases, and remains high in the long run-positive overall but a delayed response-following a permanent TFP shock, whereas hours worked declines significantly following a permanent labor-productivity shock (e.g., Galí 1999). 15 
Conclusion
Technological improvements-identified by the permanent increase of TFP-raise employment in the majority of U.S. manufacturing industries. This finding contrasts with the previous study that found a strong negative correlation between employment and permanent components of labor productivity in manufacturing. We argue that TFP is the natural measure for technology because 14 The value-added output based TFP growth is obtained by ∆e z = ∆z 1−αm where ∆z is the gross-output based TFP. labor productivity reflects the input mix as well as technology. We show that significant shifts in input mix have occurred in manufacturing and that permanent shocks to input mix are indeed associated with the short-run reduction of hours.
Using micro data on average price duration, we ask whether employment response to technology is correlated with the average duration of industry-output prices. Among 87 manufacturing goods, we do not find strong evidence of this relationship. Our findings are potentially important because (1) they undercut a growing strand of literature that uses the short-run impact of technology on employment as evidence against the flexible price, because (2) TFP, rather than labor productivity, is the natural measure of technology, and because (3) TFP and labor productivity behave quite differently at the sectoral level-in particular, certain shocks affect labor productivity in the long run but do not necessarily involve changes in TFP.
Given the considerable heterogeneity in the employment effect of technology, more research on micro and historic data-such as Gort and Klepper (1982) , Grilliches and Lichtenberg (1984) , Shea 
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Note: The long-run decomposition is based on Equation (4) and long-run multipliers from VARs (5). We do not report the decomposition for Electronic Equipment (SIC 36) because labor productivity and TFP are not stationary even in firstdifferences. 
